Hearing loss represents a growing global health concern. From 2010 to 2013, hearing loss rose from the 13th-leading cause of years lived with disability to the second-leading cause, with 1.3 billion people affected worldwide.^[@bibr1-2473974X20923580][@bibr2-2473974X20923580]-[@bibr3-2473974X20923580]^ Despite this, hearing loss elicits little attention in comparison with other chronic conditions.^[@bibr4-2473974X20923580]^ Childhood hearing loss is associated with speech and language delays, low literacy, decreased educational attainment, higher likelihood of school dropout, and restricted employment opportunities.^[@bibr5-2473974X20923580]^ The World Health Organization estimates that 60% of childhood hearing loss may be preventable.^[@bibr6-2473974X20923580]^ Connecting children with timely and appropriate ear and hearing care is critical and can circumvent long-term sequelae.^[@bibr7-2473974X20923580],[@bibr8-2473974X20923580]^ This is particularly important in low- and middle-income countries, which bear \>80% of the global burden of hearing loss.^[@bibr9-2473974X20923580]^

Universal screening for hearing loss in newborns has been successful and standardized in many high-income countries around the world, and efforts to expand these programs are ongoing.^[@bibr10-2473974X20923580][@bibr11-2473974X20923580]-[@bibr12-2473974X20923580]^ While newborn screening has improved our ability to identify and treat congenital hearing loss, children who may have minimal losses at birth, experience progressive losses, or develop hearing loss later in childhood---for example, from recurrent middle ear disease---often remain unidentified and without care. Regional data from the United Kingdom illustrate the effect of progressive, late-onset, or acquired hearing loss by estimating that the adjusted prevalence increases from approximately 0.11% in children aged 3 years to 0.21% in children aged 9 to 15 years.^[@bibr13-2473974X20923580]^ In their early years, children are at particularly high risk of developing hearing loss as a result of otitis media, or inflammation in the middle ear.^[@bibr14-2473974X20923580][@bibr15-2473974X20923580][@bibr16-2473974X20923580]-[@bibr17-2473974X20923580]^ Other causes of childhood hearing loss include infections (eg, meningitis, pertussis), regular exposure to secondhand smoke or loud noise, ototoxic medications, and head trauma.^[@bibr14-2473974X20923580][@bibr15-2473974X20923580][@bibr16-2473974X20923580][@bibr17-2473974X20923580]-[@bibr18-2473974X20923580]^ Primary education, which is focused on establishing fundamental literacy and numeracy skills, is compulsory in almost all countries, making schools a key access point for integrated health checks such as hearing screening, which reduces the sociodemographic inequities of access to health care.^[@bibr19-2473974X20923580]^

The World Health Organization and a number of studies to date suggest that school hearing screening may allow for timely identification of childhood hearing loss and may be a cost-effective means of addressing the burden of undiagnosed hearing loss in school-aged children.^[@bibr15-2473974X20923580],[@bibr18-2473974X20923580],[@bibr20-2473974X20923580][@bibr21-2473974X20923580][@bibr22-2473974X20923580]-[@bibr23-2473974X20923580]^ However, data on the implementation of school hearing screening programs are limited. Some countries, such as New Zealand and Sweden, report established postnewborn hearing screening programs, but these occur strictly in the preschool age group.^[@bibr24-2473974X20923580],[@bibr25-2473974X20923580]^ In addition, there has been recent conflicting evidence on the utility of school hearing screening, with a study in 2016 showing an unfavorable cost-effectiveness analysis based on data from a single region.^[@bibr13-2473974X20923580]^ The applicability of these findings to other geographic areas is uncertain, and there is a need for additional high-quality, region-specific data from other parts of the world. While some regions, such as the United States and Europe, have proposed standardized guidelines, most other areas lack data on best practices for school-based hearing screening.^[@bibr17-2473974X20923580],[@bibr26-2473974X20923580]^ As such, there are no current international guidelines for school hearing screening available.

The objective of this review was to characterize current policies and practices for school hearing screening globally, examining the effectiveness of existing programs in identification, referral, and follow-up. We assessed the shortcomings of current screening protocols, identified gaps in the evidence supporting school hearing screening, and developed priorities for future research on this topic.

Methods {#section6-2473974X20923580}
=======

Based on preliminary literature searches, it was apparent that protocols and mandates surrounding school hearing screening varied widely in regions across the world. Heterogeneous study designs, lack of methodologic rigor of individual articles, and an overall thin literature base precluded rigorous analysis of studies. With the goal of including as many articles as possible for review, instead of restricting articles due to exclusions based on methodologic design, we chose to structure this report as a narrative review. Methodologic elements of a scoping review, as outlined by the guidelines of the PRISMA Extension for Scoping Reviews, were nevertheless included to enhance rigor and minimize bias.^[@bibr27-2473974X20923580]^

Inclusion Criteria {#section7-2473974X20923580}
------------------

Studies were included that examined school hearing screening programs on school-aged children. Inclusion criteria included hearing screening studies, analyses of currently existing hearing screening protocols, or outlined guidelines for a recommended protocol. School hearing screening was defined as any screening for hearing loss performed from school entry to postsecondary education. The age range for "school-aged" was not defined numerically due to the expected variation in age at initial school entry among regions.

Exclusion Criteria {#section8-2473974X20923580}
------------------

Studies were excluded if they encompassed only newborn or preschool hearing screening programs.

Search Strategy {#section9-2473974X20923580}
---------------

A structured search was performed through 3 primary databases: PubMed, Embase, and Cochrane Library. The search strategy used MeSH terms and keywords related to school, children, and hearing screening ([Appendix 1](https://journals.sagepub.com/doi/suppl/10.1177/2473974X20923580), available online). Sources of interest included but were not limited to primary research studies, reviews, meta-analyses, guidelines, and commentaries. A corresponding gray literature search was also performed primarily through the Google search engine and focused on region-specific published protocols, guidelines, or policies. Both searches were performed by the first and second authors in collaboration between August and September 2018.

Data Extraction and Analysis {#section10-2473974X20923580}
----------------------------

Parameters of interest for articles reviewed in this report included age groups screened, audiometric protocols (including screening frequencies), referral criteria, use of adjunct tests (otoscopy, tympanometry, otoacoustic emissions \[OAEs\], other special tests), presence of a rescreen protocol, estimates of hearing loss prevalence, sample size of children screened, screening test performance characteristics (eg, sensitivity and specificity), and loss to follow-up. These data were tabulated in comparative tables and analyzed qualitatively.

Discussion {#section11-2473974X20923580}
==========

A total of 531 articles were identified after the initial search of the 3 databases. After title and abstract review to screen for relevance to school hearing screening, 471 studies were excluded, and a resultant 60 articles were assigned for full review. Gray literature search yielded another 5 articles and reports that were included. The total number of articles included in the review was 65 ([**Figure 1**](#fig1-2473974X20923580){ref-type="fig"}).

![Search strategy according to inclusion criteria from 3 databases: PubMed, Embase, and Cochrane Library.](10.1177_2473974X20923580-fig1){#fig1-2473974X20923580}

Article Types {#section12-2473974X20923580}
-------------

There were 44 primary research studies found in the literature search. These were divided into geographic regions for the purpose of data representation ([Supplemental Tables S1-S6](https://journals.sagepub.com/doi/suppl/10.1177/2473974X20923580), available online). Other gray literature resources, reports, and guidelines describing current recommendations and policies accounted for the remaining 21 articles.

Etiology of Hearing Loss in School Children {#section13-2473974X20923580}
-------------------------------------------

The majority of articles focused on 6 main causes of hearing loss in school-aged children: progressive congenital conditions, otitis media with effusion, drug-related ototoxicity, infection, cerumen impaction, and noise exposure. There was concern that children who pass newborn hearing screening may have undetected progressive hearing loss or can still develop hearing loss related to congenital causes later in childhood.^[@bibr14-2473974X20923580][@bibr15-2473974X20923580][@bibr16-2473974X20923580][@bibr17-2473974X20923580]-[@bibr18-2473974X20923580]^ In regions without newborn hearing screening, school hearing screening represented the first point of access to ear and hearing care. Otitis media with effusion was a ubiquitous concern, with many studies suggesting that it was the main cause of conductive hearing loss in younger children.^[@bibr22-2473974X20923580],[@bibr28-2473974X20923580][@bibr29-2473974X20923580][@bibr30-2473974X20923580][@bibr31-2473974X20923580][@bibr32-2473974X20923580][@bibr33-2473974X20923580]-[@bibr34-2473974X20923580]^ In low- and middle-income regions, including some parts of sub-Saharan Africa and Asia, bacterial and viral infections were identified as important etiologies for permanent hearing loss.^[@bibr17-2473974X20923580],[@bibr35-2473974X20923580]^ Related to this, drug-related ototoxicity was reported to be a significant concern, especially in areas with a high prevalence of infectious diseases because of the use of systemic ototoxic antibiotics.^[@bibr17-2473974X20923580],[@bibr22-2473974X20923580],[@bibr29-2473974X20923580],[@bibr35-2473974X20923580]^ Cerumen impaction was also listed as a major contributor to conductive hearing loss, especially in low- and middle-income regions.^[@bibr22-2473974X20923580],[@bibr30-2473974X20923580],[@bibr34-2473974X20923580]^ For example, cerumen impaction was related to 12.6% of all conductive hearing loss in southern India, and cerumen contributed to hearing loss in 39% of children during screening in Malaysia.^[@bibr31-2473974X20923580],[@bibr36-2473974X20923580]^ Finally, noise-induced hearing loss was highlighted as a growing concern in adolescents in all regions worldwide due to the increasing use of personal sound devices for recreation and exposure to work-related noise hazards.^[@bibr17-2473974X20923580],[@bibr37-2473974X20923580][@bibr38-2473974X20923580][@bibr39-2473974X20923580][@bibr40-2473974X20923580][@bibr41-2473974X20923580]-[@bibr42-2473974X20923580]^

Screening Mandates {#section14-2473974X20923580}
------------------

There was a scarcity of guidelines on school hearing screening globally and inconsistent implementation of the few guidelines that exist. For example, only 66% of states within the United States currently carry out any form of school hearing screening despite national recommendations that hearing screening take place at regular intervals.^[@bibr43-2473974X20923580]^ Hearing screening is recommended in South Africa, but there are no available data on the amount of screening that takes place.^[@bibr44-2473974X20923580]^ In the United Kingdom, approximately 10% of schools do not provide school entry screening despite recommendations.^[@bibr45-2473974X20923580]^ Other countries had either little or no published data on current school hearing screening regulations or policies.

Screening Equipment {#section15-2473974X20923580}
-------------------

Most studies used conventional audiometers to perform screening tests. A select number of studies used mobile audiometers without sound booths or teleaudiometry (remote testing) to perform audiometric screening.^[@bibr18-2473974X20923580],[@bibr23-2473974X20923580],[@bibr46-2473974X20923580][@bibr47-2473974X20923580]-[@bibr48-2473974X20923580]^ These studies recommended that these alternative methods can improve access to hearing screening for underserved areas, such as rural locations.

The environment in which screening was carried out was most often a quiet school setting (eg, an empty classroom). The majority of countries used noise-reducing headphones to minimize the effects of ambient noise.

Screening Tests {#section16-2473974X20923580}
---------------

Across all regions worldwide, pure tone screening was considered an indispensable aspect of school hearing screening protocols and the gold standard as a confirmatory diagnostic test for hearing loss. However, the audiometric frequencies and referral criteria varied widely among studies. Even within countries such as the United States, protocol frequencies ranging from 0.25 to 8 kHz were noted. The most common tested frequencies were 0.5, 1, 2, and 4 kHz. Articles that evaluated hearing loss in older adolescents drew particular attention to the importance of additional high-frequency testing at 6 and 8 kHz, as these frequencies are most often affected by noise exposure.^[@bibr38-2473974X20923580][@bibr39-2473974X20923580][@bibr40-2473974X20923580][@bibr41-2473974X20923580]-[@bibr42-2473974X20923580],46^ Referral criteria in almost all studies involved failure to hear at any 1 frequency in either ear, but the threshold limits differed greatly among studies. The most commonly used threshold was ≥20 dB HL with headphones, but difficulties with ambient noise even in a quiet school testing environment caused some authors to choose higher threshold limits, ranging from 25 to 40 dB HL.

There was variation in the recommended adjunct tests that should be included in the school hearing screening protocol, which included otoscopy, tympanometry, and OAEs. The most commonly used screening protocols incorporated a combination of otoscopy and tympanometry in addition to standard use of pure tone screening.

Otoscopy was recommended as an important adjunct test given its usefulness in detecting obvious outer and middle ear abnormalities requiring medical follow-up.^[@bibr31-2473974X20923580],[@bibr34-2473974X20923580],[@bibr49-2473974X20923580]^ It was a well-tolerated procedure that was often used prior to audiometric screening and tympanometry to yield more accurate screening results. It was also particularly helpful in regions with high prevalence of cerumen impaction.^[@bibr31-2473974X20923580],[@bibr36-2473974X20923580],[@bibr50-2473974X20923580]^ However, there was little guidance on who should be performing otoscopic screening.^[@bibr51-2473974X20923580]^ Most studies employed trained students, specialized nurses, audiologists, or physicians as screeners, limiting the generalizability of the recommendation in low-resource settings.[\*](#fn1-2473974X20923580){ref-type="fn"}

Tympanometry was recommended as another highly useful test owing to the importance of evaluating middle ear pathology such as otitis media.^[@bibr18-2473974X20923580],[@bibr22-2473974X20923580],[@bibr29-2473974X20923580],[@bibr60-2473974X20923580],[@bibr61-2473974X20923580]^ There was some variability regarding the decision to include it as a first-line screening test or to reserve it as a second-line test after initial referred screening by pure tone screening or OAE testing.^[@bibr14-2473974X20923580],[@bibr29-2473974X20923580],[@bibr50-2473974X20923580],[@bibr61-2473974X20923580]^ A few authors recommended either immediately referring abnormal tympanometry results for medical follow-up or repeating screening at least 1 month later to check for resolution.^[@bibr14-2473974X20923580],[@bibr34-2473974X20923580],[@bibr61-2473974X20923580]^

OAEs were recommended to be a part of the routine school hearing screening battery in a smaller proportion of studies and guidelines. Current data indicate that OAE screening is less sensitive and yields a higher number of false positives than pure tone screening.^[@bibr53-2473974X20923580]^ Most authors found OAEs to be more relevant in situations where children were unable to follow directions for hearing screening, such as those who are very young or those with special needs.^[@bibr14-2473974X20923580],[@bibr50-2473974X20923580],[@bibr53-2473974X20923580]^ In these cases, OAEs may be useful as first-line screening tests due to the objective nature of the test.^[@bibr14-2473974X20923580]^

Rescreening {#section17-2473974X20923580}
-----------

A major area lacking agreement in existing screening protocols was the process of immediately rescreening children who referred from initial hearing screening. Several authors have cited that a high false-positive rate among hearing screening protocols has been a major cost burden associated with school hearing screening.^[@bibr18-2473974X20923580],[@bibr34-2473974X20923580]^ Immediate rescreening after an initial referred screen can be used to reduce false positives, yet the majority of studies did not include rescreening. This is a seemingly simple yet incredibly important aspect of hearing screening protocols that can have a profound impact on the overall viability of the intervention.

Prevalence and Screening Test Performance Parameters {#section18-2473974X20923580}
----------------------------------------------------

One of the most striking findings was the lack of articles estimating the true prevalence of hearing loss among school children. Although 17 articles included prevalence estimates, ranging from 0.9% in Taiwan^[@bibr55-2473974X20923580]^ to 34% in Brazil,^[@bibr62-2473974X20923580]^ many other articles provided referral percentages of screening tests in lieu of prevalence.^[†](#fn2-2473974X20923580){ref-type="fn"}^ These studies assumed 100% sensitivity in their screening protocols and did not include a comparison with gold standard pure tone audiometry, meaning that any estimates on disease prevalence represented screening test referral percentages rather than true measures of disease prevalence. The prevalence estimates that these studies provided were therefore noted as "referral percentages" in the comparison tables ("REF" in [Supplemental Tables S1-S6](https://journals.sagepub.com/doi/suppl/10.1177/2473974X20923580), available online). The referral percentage among these studies ranged from 0.16% in China to 15% in Malaysia.^[@bibr36-2473974X20923580],[@bibr63-2473974X20923580]^ The reporting of referral percentages also made it impossible to interpret any estimation of sensitivity and specificity as an accurate measure of the true performance of screening protocols. Distinguishing between an estimate of true prevalence and the reporting of a particular protocol's referral percentage is critical, as some existing hearing screening protocols have sensitivities as low as 12%.^[@bibr38-2473974X20923580]^ This makes them unsuitable to be used as a viable screening strategy.^[@bibr38-2473974X20923580],[@bibr39-2473974X20923580],[@bibr68-2473974X20923580]^ In addition, there is some suspicion that the true prevalence of hearing loss among school children may be higher than current estimates.^[@bibr66-2473974X20923580]^

Challenges of Follow-up {#section19-2473974X20923580}
-----------------------

A key issue surrounding school hearing screening was loss to follow-up for children who were referred. Out of 44 primary research articles, only 8 reported any data on follow-up of students after hearing screening referral. These studies reported follow-up ranging from 10% to 65%.^[@bibr14-2473974X20923580],[@bibr15-2473974X20923580]^ Potential reasons cited for poor follow-up included the inability to contact and notify parents of the screening test results, the lack of parental awareness of the medical significance of hearing loss, the cost of subsequent care, the inability of parents to miss work, and geographic barriers.^[@bibr15-2473974X20923580],[@bibr29-2473974X20923580],[@bibr34-2473974X20923580],[@bibr69-2473974X20923580]^ Letter mail and telephone calls were the favored modes of communication, but the majority of studies did not document or recommend guidelines for follow-up.^[@bibr15-2473974X20923580],[@bibr16-2473974X20923580],[@bibr39-2473974X20923580],[@bibr42-2473974X20923580]^ Other concerns related to loss to follow-up in low- and middle-income countries included shortages of specialist care and inadequate infrastructure for continued educational support.^[@bibr22-2473974X20923580]^ Overall, there was a near-unanimous recommendation that addressing lost to follow-up is urgently needed to improve the overall effectiveness of school hearing screening programs across the world.^[@bibr18-2473974X20923580],[@bibr34-2473974X20923580],[@bibr46-2473974X20923580]^

Limitations {#section20-2473974X20923580}
-----------

The narrative nature of this review makes it possible that information and selection bias could be present. To minimize these sources of bias, close adherence to the guidelines of the PRISMA Extension for Scoping Reviews was maintained through use of a predetermined and structured search algorithm of 3 literature databases, as well as a gray literature search. Additionally, while it is recognized that countries such as New Zealand and Sweden have robust preschool hearing screening programs that occur after initial newborn hearing screening, these programs were excluded from this review because they fall outside school-aged hearing screening and thus are beyond the scope of this analysis.^[@bibr24-2473974X20923580],[@bibr25-2473974X20923580]^ Finally, articles were not critically appraised and graded for methodologic design, which could add a potential source of bias. However, as stated in the methodologic justification, this specific study design was chosen because of the heterogeneity and methodologic inaccuracies among the existing school screening literature.

Implications for Practice {#section21-2473974X20923580}
=========================

School hearing screening programs have the potential to mitigate many of the cascading negative effects of childhood hearing loss but are currently lacking because of either poor political and financial commitment or an incorrect assumption that all childhood hearing loss is detected through newborn hearing screening programs. When school hearing screening programs are implemented, protocols and practices are inconsistent, in part, because of the limited number of regional or country-wide guidelines that exist. There is an urgent need for further research in this area and the establishment of globally standardized school hearing screening protocols, not only to encourage and improve the quality of early detection and diagnosis of hearing loss through hearing screening programs, but also to increase comparability across research studies. Data capture is a fundamental component of any screening program for quality assurance and monitoring and to evaluate its longer-term success in mitigating the educational disadvantage that hearing loss can have within this population.^[@bibr70-2473974X20923580]^ Hearing aids and cochlear implants, as part of an early intervention program, have proven effectiveness in addressing hearing loss and, when fitted early, can reduce the economic burden on society.^[@bibr71-2473974X20923580]^ Classroom amplification, FM systems, and other classroom and listening strategies augmented with parental support are also core components of an early intervention program for permanent hearing loss or chronic middle ear disease.

On the basis of the findings in this review---and as a minimum starting point---we advocate for the inclusion of pure tone screening with circumaural headphones at 1, 2, and 4 kHz, with a referral threshold of \>20 dB HL at any frequency in either ear. However, determination of the referral threshold should be considered within the context of available diagnostic and rehabilitation services, given the increased false positives associated with a lower referral threshold. Noise levels should be assessed to ensure that the screening environments are suitable for testing.^[@bibr26-2473974X20923580]^ Screening with OAEs may be an alternative for children where pure tone screening is not feasible, but the utility of OAEs for school screening as a replacement for pure tone screening needs further research.

Tympanometry with a standard 226-Hz probe tone should be included where possible, as well as direct otoscopic examination provided that screening personnel possess an adequate level of training. Rescreening should be a mandatory step that occurs immediately after children do not pass initial screening. It is important for diagnostic and treatment services to be available and accessible for children identified through screening programs. Lastly, a documented follow-up procedure should exist to ensure that referred children are reliably connected to diagnostic and treatment services, thereby reducing eventual losses to follow-up.

The establishment of standardized school hearing screening guidelines is a critical step for expansion of standardized school screening programs globally and will facilitate the performance of higher-quality studies, which are needed to provide more accurate, region-specific estimates of disease prevalence. Additionally, standardization will aid in the development of protocols that optimize the sensitivity and specificity of screening tests, which could contribute to improved efficacy of school hearing screening programs globally.
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